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READ ME
This text provides an introduction to some of the foundations of wave phenomena
suitable for study by an undergraduate physics student. Wave phenomena appear in a
wide variety of physical settings, for example, electrodynamics, quantum mechanics, fluids,
plasmas, atmospheric physics, seismology, and so forth. For this reason alone a course on
“waves” is a good idea for a physics student. Of course, there are already a number of fine
texts on the general subject of “waves” and related physical phenomena, and some of these
texts are very comprehensive. So it is natural to ask why you might want to work through
this rather short, condensed treatment which is largely devoid of detailed applications. The
answer is that this course has a slightly di↵erent — and perhaps more general — aim than
is found in the more conventional courses on waves. Indeed, an alternative title for this
course might be something like “Introduction to Mathematical Physics with Applications
to Wave Phenomena”. So, while one of the principal goals here is to introduce you to
many of the features of waves, an equally if not more important goal is to help get you
up to speed with the plethora of mathematical techniques – some very basic, some more
advanced – that you will encounter as you continue your studies in the physical sciences.
It is often said that “mathematics is the language of physics”. Unfortunately for you –
the student – you are expected to learn the language as you learn the concepts. Typically,
in physics courses new mathematical tools are introduced only as needed and usually in
the context of the current application. Compare this to the traditional progression of a
course in mathematics (which you have surely encountered by now), where a branch of
the subject is given its theoretical development from scratch, mostly in the abstract, with
applications used to illustrate the key mathematical points. Both ways of introducing the
mathematics have their advantages. The mathematical approach has the virtue of rigor
and completeness. The physics approach – while usually less complete and less rigorous –
is very efficient and helps to keep clear precisely why/how this or that mathematical idea
is being developed. Moreover, the physics approach implements a style of instruction that
many students in science and engineering find accessible: abstract concepts are introduced
and developed in the context of concrete examples. Still, there are definite drawbacks to
the usual physics approach to the introduction of mathematical ideas. The student cannot
be taught all the math that is needed in a physics course. This is exacerbated by the fact
that (prerequisites notwithstanding) the students in a given class will naturally have some
variability in their mathematics background. Moreover, if mathematics tools are taught
only as needed, the student is never fully armed with the needed arsenal of mathematical
tools until very late in his/her studies, i.e., until enough courses have been taken to introduce and gain experience with the majority of the mathematical material that is needed.
Of course, a curriculum in science and/or engineering includes prerequisite mathematical
courses which serve to mitigate these difficulties. But you may have noticed already that
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these mathematics courses, which are designed not just for scientists and engineers but
also for mathematicians, often involve a lot of material that simply is not needed by the
typical scientist and/or the engineer. For example, the scientist may be interested in what
the theorems are and how to apply them but not so interested in the details of the proofs
of the theorems, which are of course the bread and butter of the mathematician. And,
there is always the well-known but somewhat mysterious difficulty that science/engineering
students almost always seem to have when translating what they have learned in a pure
mathematics course into the context of the desired physical application.
The traditional answer to the challenges described in the previous paragraph is to o↵er
some kind of course in “Mathematical Physics”, designed for those who are interested more
in applications and less in the underlying theory. The course you are about to take is, in
e↵ect, a Mathematical Physics course for undergraduates – but with a twist. Rather than
just presenting a litany of important mathematical techniques, selected for their utility in
the sciences, as is often done in the traditional Mathematical Physics course, this course
tries to present a (somewhat shorter) litany of techniques, always framed in the context
of a single underlying theme: wave phenomena. This topic was chosen for its intrinsic
importance in science and engineering, but also because it allows for an exposure to a wide
variety of mathematical concepts, ranging from elementary algebra and complex numbers
to vector analysis, di↵erential equations, Fourier analysis, and techniques of classical field
theory. The hope is that this way of doing things combines some of the advantages of
both the mathematician’s and the physicist’s ways of learning the language of physics. In
addition, unlike many mathematical physics texts which try to give a fairly comprehensive
“last word” on the subject, this text only aspires to give you an introduction to the key
mathematical ideas. The hope is that when you encounter these ideas again at a more
sophisticated level you will find them much more palatable and easy to work with, having
already played with them in the context of wave phenomena.
This text is designed to accommodate a range of student backgrounds and needs. But,
at the very least, it is necessary that a student has had an introductory (calculus-based)
physics course, and hopefully a modern physics course. Mathematics prerequisites include:
multivariable calculus and linear algebra. Typically, one can expect to cover most (if not
all) of the material presented here in one semester.
Although it is not necessary, you will probably benefit from having access to a computer
algebra system* with which to do some of the computations here. Just as the latter part of
the 20th century saw the “personal calculator” liberate science students from having to do
things like look up square roots, logarithms, etc. in tables or – horrors! – compute them by
hand, here in the 21st century a large fraction of routine algebraic and calculus work really
should be done by the computer. A student who learns how to reliably do such calculations
* As of this writing, the principal options include Maple, Mathematica, Sage, and Axiom.
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with the computer will have mastered an important tool in mathematical physics. To this
end, I will try throughout the text to indicate places where a computer could/should be
profitably used.
How to use this text
Here are some suggestions about how you (the student) should use this text. The
author, having been a student himself in the distant past, knows quite well how the typical
science/engineering student uses a text. Usually, the text is given a quick, superficial
read (perhaps “glance” is more accurate) to get acquainted with the “big picture”, the
location of the key results and equations, etc. The homework problems get assigned and
the student reads the text a bit more closely with the pragmatic goal of finding just what is
needed to solve the problems. Finally, the text and the problems are frantically reviewed
prior to the agony of the periodic exams. If a sufficiently large number of very diverse
homework problems (and exams!) could be created and assigned, the usual way of doing
things might work out reasonably well. Unfortunately, this “sufficiently large number”
of problems to solve is usually too high a number to be practical for the student, for the
instructor, and (most importantly) for the author. The best way to understand the material
that is presented here is simply to spend time carefully working through it. Some of this
will be done for you, no doubt, in class by your instructor. But it will take a super-human
instructor to get you to assimilate all that you need to know via the few hours of lecture
you get each week. It’s an unpleasant fact, but we learn the most not by listening to
well-crafted lectures, but by working things out for ourselves. With that in mind, there
are two key tools in the text that will help you along the way.
* Exercises: The exercises typically involve providing intermediate steps, arguments,
computations, and additional derivations in the various developments. They represent
an attempt to help you focus your attention as you work through the material. They
should not take much e↵ort and can often times be done in your head. If you are really
stumped and/or are filling up your trash can with unsuccessful computations, then
you are missing a key elementary fact — get help!
* Problems: The problems represent more substantial endeavors than the exercises, although none should be terribly painful. Some problems fill in important steps in the
main text, some provide key applications/extensions. Watch out — some problems
will assume you are aware of basic math/physics results from other classes.
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